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The present invention pertains to air traffic displays and particularly to display formats for an air traffic 
alert and collision avoidance system (TCAS). More particularly, the invention pertains to TCAS displays 
having three-dimensional perspective color graphics. Display formats of this type are described in earlier 
EP-A-0 405 430 published 02.01.1991 and EP-A-0 411 309 published 06.02.1991. 

5 

Background of the Invention 

The function of a TCAS display is to present air traffic information, declare threats, and provide 
advisories on potential air traffic conflicts before the closest point of approach. The TCAS display of the 

70 related art uses two-dimensional graphics to convey traffic information in the own aircraft's protected 
volume of airspace. However, since two-dimensional graphics can only depict information on two (X- and Y- 
axcs) of the three dimensions required to complete represent spacial traffic relationships for TCAS (X-, Y- 
and Z-axes), numerics are used to portray relative altitude on the Z-axis. This two-dimensional plan view 
display of TCAS traffic information (supplemented with numeric data tags for the third-dimension, altitude) 

75 does not provide a direct visual display of dynamic spacial relationships existing between air traffic in the 
natural three-dimensional space. Interpretation of such a display requires considerable time and mental 
effort, in that it requires pilots to mentally construct a three-dimensional image of the traffic situation by 
combining graphically displayed azimuth and range information with numerically-presented altitude informa- 
tion. 

20 The related art TCAS display, therefore, is limited to function as an aid to direct visual acquisition of 

target aircraft, rather than as a correct, veridical, and easily interpretable complete "picture" of the current 
traffic situation. Pilots simply use the presented information as a cue for visual search to locate potential 
threats by direct visualization of aircraft outside the cockpit. 

Furthermore, since the traffic information is dynamic and continuously updated, direct visualization will 

25 require pilots to continuously alternate their attention from reading the numerics on the head-down TCAS 
display to the head-up search for aircraft outside the cockpit. Thus, using the related art TCAS display, 
pilots often find it time-consuming and confusing to visually acquire and process dynamic changes in the air 
traffic situation under moderate or high cockpit work load situations. 

Attempts of the related art to solve the problems of indirect visualization of conventional displays have 

30 focused on basic symbology refinement for the two-dimensional TCAS display format. Efforts have been 
made to reduce confusion and misinterpretation by modifying the symbols. For example, all the numeric 
codes were intially displayed above the aircraft symbol with a "plus" or "minus" sign to indicate relative 
elevation. The most current baseline TCAS display presents the numerics either above or below the symbol 
for conceptual compatibility. No effort has been made to explore other innovative approaches or to 

35 empirically validate current design concepts. However, research on display formats for other applications 
reveals potential benefits of an innovative three-dimensional perspective format. 

Ground-based perspective traffic display formats have been studied in the related art to demonstrate 
the advantages of utilizing respective graphics for portraying complex spacial situations. Conditionally, 
respective displays for naval battle field management systems have been previously studied to examine the 

40 feasibility and the advantages of three-dimensional graphic presentations. Such studies have shown 
significant advantages of three-dimensional formats over two-dimensional formats. 

Summary of the Invention 

45 The present invention as characterized in the claims displays data of an airborne environment to assist 
the pilot in being more cognizant of the conditions in his/her airspace, thereby enhancing his/her situational 
awareness. This format is specifically designed for the TCAS, in which aircraft information in a protected 
three-dimensional volume of air space surrounding an aircraft is presented with respect to that aircraft. The 
present invention implements three-dimensional perspective graphics in color to display easily and directly 

50 interpretable dynamic spacial relationships for the TCAS system. This format is equally applicable to 
military situation awareness formats where the pilot needs to quickly and accurately recognize what traffic 
and targets are in the surrounding airspace. 

The invention in the preferred embodiment uses three-dimensional perspective graphics rather than a 
two-dimensional format supplemented with numeric data tags. The advantages of the present invention are: 

55 the realistic and intuitive portrayal of traffic information in three-dimensional perspective that results in the 
correct perception of the three-dimensional air space; appropriate use of color, shape and size coding that 

is_ compatible . with. the. pilotls„expectations; _ and_the_ integration _ of _di splayed situational information to 

facilitate rapid interpretation by the pilot. The primary objectives of this new display format are: to enhance 
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the speed and accuracy of the pilot's understanding of the egocentric traffic situation; to minimize complex 
cognitive processing and pilot mental workload; and to allow the pilot to review and plan evasive maneuvers 
earlier and more effectively in order to avoid potential air traffic conflicts. Therefore, the function of the 
TCAS display is greatly extended and is no longer limited to providing cues for visual acquisition of traffic 
s outside the aircraft. 

Brief Description of the Drawings 

Figure 1 reveals the TCAS format of the present invention, wherein the threat level is indicated by 
70 the size of the traffic alert symbol. 

Figure 2 reveals a TCAS format of the present invention, wherein the altitude differential is indicated 

by the size of the traffic alert symbol. 
Figure 3 is a 2.5 dimensional perspective format of the invention wherein the traffic symbols are of 
uniform size. 



75 



Description of Preferred Embodiments 



The present invention is a view presentation for a TCAS system which integrates color coding and 
symbols which rotate to provide horizontal trend and threat levels to the pilot. This view can be observed 

20 from various perspective viewpoints which can vary from direct overhead normal plan view (look-down view) 
to a direct forward view, or to a viewpoint about halfway between the two. The present display format 
enhances the pilot's understanding and monitoring of dynamic spatial relationships between his or her own 
aircraft and other aircraft within the proximal airspace and to improve his or her ability to detect and avoid 
potential traffic and collisions. The function of the TCAS display is to present traffic information, declare 

25 threats, and provide resolution advisories before the closest point of approach. Figure 1 depicts the present , 
invention which is a direct look-down view of the TCAS plan view presentation with horizontal trend data. 
The TCAS plan view of Figure 1 utilizes an aircraft symbol 12, for instance, which resembles a passenger... 
jet aircraft and indicates the aircraft directional trend. A numerical readout 14 indicates relative altitude and 
directional arrow 16 indicates the vertical trend of the aircraft resembled by symbol 12. On symbol 12 there 

30 is a traffic alert symbol 18 which is a yellow medium circle superimposed on symbol 12. Symbol 20 
associated with altitude symbol 14 indicates that the aircraft represented by symbol 12 is at an altitude., 
above the own aircraft which is represented by symbol 22 at the center of format 10. When symbol 20 is a 
that means that the associated symbol 12 represents an aircraft which is at an altitude below own 
aircraft 22. Since aircraft symbol 12 may rotate the position of the altitude tags, 14, 16 and 20 are situated^ 

35 such that the tag centroid is directly behind the right wing tip of symbol 12. The centroid of the altitude tags . 
14, 16 and 20 thus rotates with aircraft symbol 12 although the numerics and associated symbols remain 
upright for easy reading. This approach allows the pilot to more easily correlate the aircraft observed and its 
corresponding symbol 12 with its associated altitude tags 14, 16 and 20. The particular format of Figure 1 
has aircraft symbols that enlarge as the threat level of the represented aircraft increases. Normal traffic is 

40 presented at a 0.75 size, the traffic having a traffic advisory is drawn at a 1.0 size, and the traffic having a 
resolution advisory is drawn at a 1.25 size, relative to a norm of a 1.0 dimension. Hence, the most 
prominent threat is clearly larger than the normal traffic. Threat status is also indicated by overlaying TCAS 
threat symbols on the traffic or airplane symbol 12. These items provide the pilot a triple redundant coding 
of threat, that is, color, size and overlaid threat symbol. A traffic symbol 24 having no threat symbol 

45 superimposed upon it, represents an aircraft that is above a certain altitude and is not a threat to own 
aircraft 22. Not having extra symbols, which would represent the absence of threat, superimposed on traffic 
symbols such as symbol 24, helps declutter display 10. Symbol 26, not having altitude tags, represents an 
aircraft whose altitude is unknown to the pilot of own aircraft 22. Typically, an aircraft represented by 
symbol 26 has no altitude transponders to provide own aircraft with altitude or vertical directional data. 

so Symbol 28 is a symbol of 1.25 size indicating a resolution advisory of the aircraft that it represents. 
Superimposed on symbol 28 is symbol 30 which is a square which means a resolution advisory and has a 
color red which also indicates a resolution advisory of the aircraft represented by symbol 28. A normal 
proximate traffic symbol 24 represents an aircraft or traffic that is more than 1200 feet in altitude differential. 
Aircraft symbol 32 is at size 0.75 but has a normal proximate traffic symbol superimposed on it which 

55 represents that the aircraft is within 1200 feet of the present altitude of own aircraft 22. Symbol 34 is a 
diamond-shape representing normal proximate traffic at less than 1200 feet altitude differential and has a 
color of cyan also designating normal traffic of less than 1200 feet altitude differential from own aircraft 22. 
The twelve asterics symbols 36 represent azimuth about own aircraft symbol 22 and constitute a two 
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nautical mile range indicator from own aircraft 22. 

Figure 2 depicts a format wherein the size of aircraft symbol 42, 44 or 50 has a size related to altitude 
differential from own aircraft represented by symbol 22 rather than having a size related to a threat level as 
in Figure 1. The changing size of aircraft symbols 42, 44, 48 and 50 provide relative motion cues to the pilot 

5 as the planes move away from or approach own aircraft 22. Such enhancement is useful to the pilot of own 
aircraft where direct visual contact is limited due to bad weather, for instance, or instrument flying is 
necessary. Symbol 46 is a relatively large symbol that represents proximate traffic of unknown altitude. A 
relatively small symbol 48 represents normal proximate traffic more than 1200 feet of relative altitude from 
own aircraft 22. The size of symbol 44 represents the relative altitude of the aircraft from own aircraft 22; 

w however, the advisory of this aircraft is indicated by symbol 30 superimposed on symbol 44 wherein 
symbol 30 is a square signifying a resolution advisory and further has the color red likewise signifying a 
resolution advisory. Symbol 50 is of a relatively large size on format 40 in that it represents an aircraft at a 
low altitude difference (e.g., zero feet) from own aircraft 22. Symbol 34 superimposed on symbol 50 
indicates normal proximate traffic at less than 1200 feet. Symbol 34 is a diamond which represents normal 

15 proximate traffic and is of the color cyan that also represents normal proximate traffic at less than 1200 feet 
relative altitude from own aircraft 22. Aircraft symbol 42 represents an aircraft that is about 1000 feet in 
relative altitude from own aircraft 22 which altitude is represented not only by symbol 14 but also by the 
size of symbol 42. Superimposed on symbol 42 is symbol 18 which is a medium circle that indicates a 
traffic alert and has the color yellow that likewise indicates a traffic alert. 

20 Figure 3 is a 2.5-dimension perspective view of the TCAS plan format 60. Format 60 is similar to plan 

view format 10 except that the observer of format 60 is looking at the scene from a point behind the scene 
at a particular elevation above the horizon rather than from directly above the scene. This is a preferred 
implementation. However, the pilot can switch perspectives for better perception of the horizontal or vertical 
positions of the traffic, respectively. In format 60, an aircraft symbol 62 sits on top an elevation post 64 

25 which is proportional to the represented aircraft's relative altitude with respect to own aircraft represented by 
symbol 22. Elevation post 64 alternates between dashed and solid lines on a 500-foot basis, that is, a series 
of dashes represents 500 feet and a solid line represents 500 feet, and so on. The TCAS warning symbols, 
that is, filled-in square 30, filled-in circle 78, filled-in diamond 34 and open diamond 68, are located in 
reference plane 66 to indicate locations of represented aircraft, threat levels of aircraft, and threat azimuths 

30 of aircraft. The spoked reference plane 66 of figure 3 replaces the twelve symbols 36 in figures 1 and 2, to 
enhance the perspective view and to increase the pilot's cognizance of his or her own altitude reference 
plane. The color codings, red, yellow and cyan, respectively, of filled-in square 30, filled-in circle and filled- 
in diamond, are like that of the standard TCAS format and present TCAS formats 10 and 40. Open diamond 
68 represents no threat. Digital readout 14 indicates the relative altitude of the aircraft represented by 

35 symbol 62, with respect to own aircraft represented by symbol 22, in Figure 3. Digital readout symbol 14 is 
placed just behind the right wing tip of symbol 62 representing the aircraft. Altitude vertical trend data of the 
aircraft is represented by the direction that filled triangles 70 are pointing, on the end of each of wing tip of 
symbol 62. In this case triangles 70 point upwards indicating that difference between the altitude of the own 
aircraft indicated by symbol 22 and the other aircraft indicated by symbol 62 tends to increase and 

40 therewith the threat decreases. No triangles on wing tips of aircraft symbol 72 indicate no vertical trend in 
altitude of the represented aircraft. Format 60 may be decluttered by removing digital readout symbols 14 
and 20 wherein the pilot relies wholly on the analog elevation post 64 height to determine relative altitude of 
the represented aircraft. Aircraft symbols 62 and 72 rotate to indicate horizontal trend in the same manner 
as aircraft symbols in the two-dimensional formats of Figures 1 and 2. A large aircraft symbol 74 (1.25 size) 

45 is red, extends from symbol 30 which is likewise red and represents resolution advisory traffic. A medium 
aircraft symbol 76 is yellow and extends from a solid yellow circle 78 thereby representing a traffic alert 
with respect to the represented aircraft. Symbols 76 point upwards indicating a trend to decrease the 
difference between the altitude of the associated aircraft and the flight plane of the own aircraft. A small 
aircraft symbol 23 would be cyan and extend from a cyan solid diamond thereby representing normal 

so proximate traffic within 1200 feet of altitude to own aircraft 22. 

The sizes of aircraft symbols 23, 62, 72 and 76, including other undesignated aircraft symbols, may 
indicate the level of threat of the respective represented aircraft on format 60 may be changed, like those 
aircraft symbols of Figure 1. Another version is that sizes of the aircraft symbols represent closeness of the 
represented aircraft in terms of relative altitude, i.e., the closer the aircraft in altitude, the larger the symbol. 

55 The other version of aircraft symbols in format 60 is implemented, as illustrated in figure 3, wherein all 
aircraft symbols are of the same size and represent neither a level of threat discrimination nor nearness to 

. ._ _own. aircraft in terms of relative altitude. ....... . ... „ ._ _ . _ ... 

Various sorts of processing devices may be utilized for generating th TCAS formats disclosed herein. 
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In this particular embodiment, a Series 10O0O personal supercomputer, from Apollo Computer Inc., of 
Chelmsford, MA 01824, is utilized with the ensuing programs listed in Attachment A. The Apollo personal 
supercomputer may be used in actual operational use or as simulator for testing, or operational training. The 
TCAS format imagery from the computer may be displayed on a conventional CRT, color active matrix 
5 liquid crystal display or another kind of display device. The inputs of. traffic information to the TCAS system 
may come from ground stations, own aircraft detection electronics, and/or other aircraft as is known in the 
field of TCAS. 

The following programs may be used to implement an above-described traffic information display 
format. 
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Attachment A 



TCA5_PE?S_AIRPLANE : THIS FILE CONTAINS THE PROCEDURES 3ECCIRE0 FOR THE PERSPECT 7TVE 
VIEW TCAS FORMAT. WHEN THIS FILE IS LINKED WITH "COMMON TCAS .3IN" 
AN EXECUTABLE FILE IS CREATES. THE FORMAT USES 307 AT I NG~"A IRP LANES . 



•syscype "syss" 

* include <s:3io.-> 
♦include <ma:h.h> 

* : ac lude "/sys/ins/biie.i-s.c"; 
« include "/sys/ in s /error . ir.s .c"; 
< include "/sys/ ins /gmr 3d . ir.s .c - ; 

• include ' sys / ir. s / v f x.t . i r. s . c" ; 



«de £ tne 
(define 
• u«f fine 
♦define 
•define 
♦define 
♦define 
*aef ine 



PI 
red 

yel low 
cyan 
magenta 
white 

max traffic 
dual window 



extern status_St 
extern short 



gmr^ 
gmr 
q-nr" 
qmr" 
gmr* 
g-r' 
gmr 
gmr 
gair' 
qm^ 
qmr' 
gmr; 
gmr 
gmr 
gmr; 
qmr 
qmr 



Sstructure_ 
[Sst rueture" 
[Sstructure" 
]Sst ructure" 
[Sst ructure" 
[Sstructace] 
[$ structure' 
"*$ structure" 
[$ st ructure"" 
[3 structure" 
""Sstructure* 
"Sstructure" 
"^structure" 
"Sstructure' 
^structure" 
^structure 
"$f3 vector" 



id t 
id~t 
id_t 
id~t 
id t 
id t 
id~t 
id~t 
id~t 
ld~t 
id t 
id~t 
id t 
id t 
id t 
id"c 
t 



typedef enum { xy, 
planes t 
typeder enum 
typedef enum 
typedef struct ( 

boolean 

boolean 

threat_level_t 

gmr^S fI_vector_t 

v_dTrect ion_t " 

boolean 

float 

float 

float 

float 

float 

float 

\ traffic t; 
traffic t 
gmr_$4xj"_matrix_t 
qmr~Sf 3_v«ccor_t . 
gmr_$ f 3_vector_t 

short 
short 
float 



3.1415927 
8 
9 

10 
11 
12 
7 
0 

st ; 

dec lutter ; 

circle_ld; 

c ire lei id; 

s poxes __Td. • 

my_alt~"id; 

directlon^id; 

up_directTon_id; 

down direction id; 

jet airplane_i3; 

prox ac id; 

t j_ac_Ld; 

ra~ac"~id; 

prox Id; 

ta i3; 

ra~id; 

my_plane_id; 

range_max_id; 

sea le~airp Lane - ( 



/■ 1 • inside/out ♦ plan view •/ 

/• returns statu* of 3 0GMR routines •/ 

/* decluttering function •/ 

/* circle of unit radius ■/ 

/* circles surrounding my airplane */ 

/• spokes on the circles •/ 

/• circle and spoke plateau */ 

/• scaled direction shaft »/ 

/• scaled direction indicator •/ 

/• scaled direction indicator */ 

/• airplane symbol (Jet shape) •/ 

/• prox airpLane symbol */ 

/• traffic advisory symbol */ 

/* resolution advisory symbol •/ 

/• prox filled symbol */ 

/* traffic advisory filled symbol */ 
/• resolution advisory filled symbol •/ 

/•my scaled t rotated plane symbol •/ 

/ * 6 NM range ring •/ 
0.13333, 0.13333. 1.0 >; 

/• scaling vector for airplanes •/ 



xz, yz > planes t; 

plane; /• the 3 planes symbols can lie in 

{ prox, ta, ra ) threat_level_t; 

{ up, down, none } v_direction_t ; 

active status flag 
denotes possible threat 
threat of traffic - prox, ta. ra 
3d Location of traffic symbol 
vertical direction indicator 
valid altitude data indicator 
azimuth distance from my plane 
constant x velocity of symbol 
constant y velocity of symbol 
conitant z velocity of symbol 
time to closest approach 
point of closest approach 



active; /• 

contender; / ■ 

threat_level; /• 

position; /* 

v direction; /• 

alt known; / ■ 

az_3isc; /« 

vx; / « 

vy; /* 

vz; / • 

lambda; /' 

r_closest; /* 

traffict max traffic }; /■ 

mat; ~ /' 

plan translate - t 3.0, 2. 

scalel; /' 



traffic array of structures •/ 
matrix used for modeling •/ 

"scaling' for circles « alt vector •/ 



num_of_circs 
num~of_ spokes 
inner radius ; 



3; 
12; 
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75 



20 



25 



30 



PROCEDURE: GENERATES A CIRCLE OF A SPECIFIED NUMBER OF LINE SEGMENTS 3Y 
TRAVELING AROUND THE UNIT CIRCLE. THE MORE LINE SEGMENTS THE 
CLOSER YOU SET TO A CIRCLE. THE POLYGON LIES IN THE X-Y PLANE. 

PA?.AMS: IN-> DETAIL - NUMBER CF LINE SEGMENTS TO GENERATE THE POLYGON 



void circlet cetail ) 
<=efine n_xax 128 

snort aetail; 



?-r_Sf 3_point_array_t p; 
10 float thetd, dtheta; 



if M cecal 1 > r._.r.ax ) it { cetaii < 3 )) 
n • a Tiax; 

else 

n = detail; 

d_theta - (flcatM 2.0 • ?I / n ); /• complete revolution is 2-PI. so an nth •/ 

/• portion is 2»PI/n -/ 

for ( i - C; i < n; i+ + ) 
{ 

theta * (f loat) (i • d_theta>; 

p{ i }.x - cos{ theti"); /• x - cos < theta) • radius where radius - I •/ 

p{ i ).y - sir. { theta ); /• y - s in (theta) * radius where radius » 1 */ 

P [ i ] . z - C . 2; 

) 

Pt n ] = p[ 0 |; 

gmr 5f3 polyline ( (short) (n + i) . p. false, st ); check ( st ); 



F I LLED_S YMBOL 

PROCEDURE: GENERATES THE SCALED FILLED SYMBOL WITH POLYLINE FOR THREAT TYPES 



void f i 1 leH_symbol (n) 
short 



g.-nr_$f 3_point_a r ray_t 



If (n mm 0) /• finish up for RA •/ 

p[0J.x - .3-scale airplane. x; 
ptOJ.y- .0*scale~airplane.y; 
p(0] .z - .0; 

p(l].x - . 3*scale_airplane.x; 
p|l).y - .5*scaLe airplane. y; 
pllj.t - .0; 

35 p[2).x m -,3*scale airplane. x; 

p(2].y - .5-scale airplane. y; 
pU) .z - .0; 

p(3J.x - - . 3*scale_airplane .x; 
p(3).y - -.0*scale airplane. y; 
p[3).z - .0; 
p(4) - p(0]; 

gmr_$f3_polygon( (short) 5, p, st ); check < st ); 

40 U (n 1) /• finish up for TA */ 

p(0J.x - .3*scale airplane. x; 

p|0].y - .25-scale airplane. y; 

Pl0].z - .0; 

p(l).x- .26»scale airplane .x; 

p(l].y - ,4*scale airplane. y; 

pdJ.z - .0; 

p(?].x • ,I5*scale airplane. x; 

45 p(2J.y- . Sl*scale~airplane.y; 

p[2).z - .3; 

p(31 .x - .0; 

p[3}.y - .55-scale airplane. y; 

p(3] .z - .0; 

p(«].x - - . 15-scale_airplane.x; 



50 



55 
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?i4;.y - .Sl-scaie airplane.y; 

PH: -z - .0: 

p'5;.x - -.26*scale airplane. x ; 

p;5'.y - .4'scale airplane.y; 

Pi 5; .z - .2; 

p|S;.x - -.3 , scaie_airplanp.jt: 

p.'6' : .y - . 25 • »ca le_a irplane . y ; 

p { 6 | . z ■ . 3 ; 

pi7].x - -.26»scale airplane. x; 

p ! 7 '. . y ■ .1 "scale airplane.y; 

p ;*:.*■„ 0 ; 

p I 9 ] . x - - . ! 5 * sea le_a i rplane . x; 

P ' B > - y - --Cl'scale airplane. y; 

P i B : . 2 - . 0 ; 

p i 9 ; . x - . 3 ; 

p { 9 * . y - -.05*acalc airplane. y; 

p : 9 : - z - . o 

p'ICi.x - . 15 »sca le_a i rplane . x; 
p ; £].y - -.01* scale airplane.y; 

Pile- .z - .C; 

p ill", x - . 2 6 • sea ie_a i rplane . x ; 
p(li;.y - . 1'jcale airplane.y; 
plli; -z - .0; 
pi 12 1 - p(31; 

qmr Sf3 polygon ( (short) 13, p. sc ); check; I st J; 

» 

it tn =- 2) /• finish up for PROX •/ 

i 

p(C].x - . 3 'scale_airplane . x; 
ptOj.y - .25"scale airplane.y; 
p{l].i - -0; 
P { 1 1 . x - . 0 ; 

p{l].y - .55*scale airplane.y; 
Pllj.l - .C; 

pI2J.x - - . 3*scaie_airplane .x; 
p(2).y - . 25"3cale~airplane .y; 
p 1 2 i . i - . 0 ; 
P f 3 i .x - .0; 

P:3].y - -.05*scaie airplane.y; 
pOl.z « .0; 
Pl<\ - p(0); 

gmr_5f 3_polygon ( (shortM, p, st ); check { st ); 



AIRPLANESYMBOL 

PROCEDURE: GENERATES THE SCALED AIRPLANE SYMBOL WITH POLYLINE 



void airplane_symbol <n> 

short 



qmr Sf3_point array t 
float 



p; 

scale_airx, scale_airy; 



if In < 3) 

Pt0 
Pl0 
P(0 
Pll 
Pti 
Pll 
Pl2 
P(2 
P(2 
P(3 
P(3 
Pt3 
P(4 

p(«1 -y 

p[4).i - 
Pl5].x - 



- i *jci le_a irplane . x; 
.2S*3eale airplane.y; 

. C ; 

-1. * sea le_a irplane. x; 
- .2S*scale_airplane . y; 

.0; 

- . 12 5 * sea le_a irplane . x; 
- . 2 5 "sea le_a irplane. y; 

.0; 

- . 12S • sea le_a irplane .x; 

- . 75 *scale_a irplane . y; 
.0; 

- .5 »scale_a irplane .x; 

- . 75 • sea le_a irplane . y; 

.0; 

- .5 • sea le_a irplane .x; 
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10 



15 



20 



25 



30 



35 



40 



•y - 



pis 
Pl5 
Pl6 
p r 6 
p{6 
p! 7 
P(7 
Pi 7 
P(8 
p!B 
p|8 
PI9 
Pl9 
PI9 

PJ10J .x 
Pi 10 | .y 
P(10} .i - 



'1.0*scale_airpiane.y; 

. 0 ; 

b* scale a irp I ane.x; 
• 1 . 0 9 scaTe a i rp 1 ane . y ; 
0 ; 

5* scale airpiane.x; 
•."?S*scaTe airplane. y; 

0 ; 

12 5 'scale airpl ane.x; 
■ . 7 5 • sea le_a irpl arte, y; 



■ y 



125 "sea le_a i rpiane . x; 
.?5*scale airplane.'/; 

0; 

1 .0"scale_airplane.x; 
- . 25•3cale_airplane.y; 
.0,- 
p(ll).x - 1 .0'scaleai rpiane ,x; 
Pllll.y - -2b-scaie airplane. y; 
Pdll.z - 0 ; 

if (r. 0) /* finish up for RA 



} 



) 

if 
{ 



F(12].x = .3*scale_airplane.x; 
p[12].y - .2S-scale airplane. y; 
p(12). 2 - .0; 

p(13].x - .3*scale_airplane .x; 
p(13].y - .5*scale airplane. y; 
F113J .z - .0; 

p(14).x • - . 3*scale_airplane.x; 
p[14).y - .5 B scale airplane. y; 
p(14] .2 - .0; 

p(15].x - -.3*scale_airplane.x; 
p(15].y - .25*scal« airplane. y; 
p[15} .z - .0; 
p(l€] - plOl; 

gmr_Sf3_polyline ( (short) 16, p. 



true, st ); check ( st ) 



If (n — 1) /• finish up for TA V 

p[12].x - .3*scale airpiane.x; 

p(12].y - ,25*scale airplaneiy; 

pfl21.2 - .0; 

p(13].x- .21*scale_airplane.x; 

p[13J.y - . 46*scale~airplane. y; 

p(13] .2 - .0; 

p{14] .x - .0; 

pll4].y - ,55*scale airplane. y; 

PI14J.2 - .0; 

pU5).x - - .21*scale_airplane.x; 

PtlSJ.y - .46*scale airplane. y; 

PC 15] .2 - .0; 

p(lSJ.x - 3 *scale_ai rpiane. x; 

p[16}.y - .25*scale airplane. y; 

p[16] .2 - .0; 

p(17] - p(0); 



gmr_$f3_polyline< (short) 17, p, true, st ); check ( st > 

(n — 2) /« finish up for PROX •/ 

p(12].x - . 3 *scale_al rpiane .x? 
p{12].y - .25'scale airplane. y; 
p[12] .2 - .0; 
p(13! .x - .0; 

p(13).y - ,5S*scale airplane. y; 
p(13] .2 - .0; 

p(14).x - -.3*scale_airplane.x; 
p(14J.y - .25»scale airplane. y; 
p[14].2 - .0; 
Pll5] - p[0] ; 

gmr_$f3_poiyline ( (short) 15, p. true, st ); check I st ) 



45 



50 



else 
{ 



scale_airx - scaie_airplane .x/194 . ; 
scale~airy - sea le~airplane . y/ 1 94 . ; 



Pl0] .x 
p{0).y 
Pt0] .z 
pill .* 

pdl.y 
Pdl.i 

p[2] .x 

pUJ.y 



0*scale alrx; 
102*scaTe airy; 
.0; 

26'scjIo airx; 
78*scale~airy; 
-0; 

26"scale_airx; 
26«scale~airy; 
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w 



15 



20 



25 



p[2j 
P(3i 
p[3] 
ol 3 ! 
pl4] 

D( 4 ■ 

pr<; 

p[3! 
P(5i 
P(5i 
P 1 6] 
D I 6) 
Plfej 
0(7] 
Pf 7] 
P(7] 
Pt8) 
P L 8] 
p[81 

po: 

p(9; 
p (9) 
Pt 10 
Pi 10 
p(10 

p£ii 
Pin 

Pfli 
P(12 
pU2 
P(12 

Pin 

PI13 
p(13 
p[14 
Pi 14 
Pi 14 
PUS 
PilS 
PUS 
Pll6 
PU6 
Ptl6 

Pin 
Pin 
Pin 

pU8. 
gmr_5 f 3 



y - 



194' sea ie_ai rx; 
-24 *sca Ie~a iry; 
. 0 ; 

1 94 * sr. a 1 i rx; 
-43* sci le airy; 

. 3 ; 

14* sea ie_airx; 
- 1 9* scale_airy ; 
. 0 ; 

5 • sea ie_a i rx ; 
-94"scaie airy; 
. 0 ; 

77»scale_airx; 
-114"scale airy; 
. 0 ; 

"*8*scale airx; 
-128*3caTc airy; 

. 0 ; 

0 * sea ie_a 1 rx; 
-ill "scale airy; 

.0; 

-78 • scale_a irx; 
-128*scale airy; 

.0; 

-77*scale_a i rx; 
-114'scaie airy; 
C ; 

-S • scdle_a irx; 
-84*scale airy; 
. 0 ; 

-14 »sca le_airx; 
-19*scale airy; 
.0; 

-I94*scale_airx; 
-43*scal« airy; 
.0; 

-194»scale_airx; 
-24*scale airy; 
.0; 

-26*scale_airx; 
26»scale airy; 
.0; 

-26*scale_airx; 
78«scale airy; 
. 0 ; 
plOJ; 

polyline < (shore) 18, p. 



true, st ); check { sc ); 



30 



35 



PROCEDURE: GENERATES CONCENTRIC CIRCLES IN THE X-Y PLANE WITH THE OUTER MOST 
CIRCLE OF UNIT RADIUS. 

P ARAMS : IN-> NUM OF CIRCS - NUMBER OF CONCENTRIC CIRCLES TO GENERATE 



circles < num of circa ) 
short num o7 cTrcs; 



40 



45 



♦define max_circs 10 

short i, n; 

float circspacing; 

if {( num_of_circs > max_circs ) !! { num_of_circs < 1 >) 
n - max_circs; 

else 

n - num of_eircs; 
circ_spacing - (float) (1.0 / n) ; 

/•** GET THE IDENTITY MATRIX TO USE AS A BASE MATRIX **•/ 
gmr_S4x3_matrix_ident ity < mat, st ) ; check ( st ); 



- (float) 1.0; 
1; i <- n; i + + ) 



sea lei . z 
for ( i - 
{ 

scalel.x - (float) (i * circ_spacing) ; 

scalel.y - (float) (i * ci rc_spacing) ; 
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qmc_S 4x3_:nat r ix_sca Le { qnr Ssa: r*p 
qr.r'S instance_trans form ( circle" id*. 



AC.*, 

mat , 



sea lei, mat, it ); check ( st >; 
s; } ; check ( st. ) ; 



5PCKE 5 



10 



PROCEDURE: GENERATES A SERIES OF LINES RADIATING OUT FROM THE EDGES OF AN 
INNER CIRCLE AND ENDING AT AN OUTER CIRCLE OF RADIUS ONE - THE 
BED OF SPOKES LIE IN THE X-Y PLANE. 



? ARAMS : 



IN-> NUM OF_S?OKE5 - NUMBER OF SPOKES IN A 2PI SWEEP 
IN-> INNER_RAD I US » RADIUS OF INNER CIRCLE 



75 



20 



25 



spokes < num_of_spokes, inner_radi 
snort num_o f _spokes ; 
float inner radius; 



{ 

• de f ine 
short 

gmr Sf3 vector 
£ lolt " 
float 



max_spokes 12 

i , n; 

p{2]; 

theta; 

d theta; 



if (( num_of_spok.es > max_spokes 
n o max spokes; 

else 

n - num of_spokes; 
d_theta - (float) (2.0 • PI / n> ; 



I I ( num_of_spokes < 1 ) ) 



/* complete revolution is 2*PI, so an 
/* portion is 2*PI/n 
p[ 0 J .z - 0.0; 
p[ 1 ] .z - 0.0; 
for ( i - 1; i <- n; i* + ) 
( 

theta - (float) ( i • d theta ); 

p( 0 J.x - cost theta 7 • inner_radius; /* beginning of spoke at inner_radius 
pf 0 J.y - sin( theta > • inner radius; 

p[ 1 J.x - cos( theta ); " /• end of spoke at radius - 1 

p( 1 J.y - sin( theta ) ; 
gmr_Sf3 polyline* (short) 2, p, false, st ); check ( st ); 



nth 



30 
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MY_ALT_PLATEAU 

PROCEDURE: GENERATES HY ALTITUDE PLATEAU BY INSTANCING THE CONCENTRIC 
CIRCLES ON TOP OF THE SPOKES 



40 



my_alt plateauO 
{ 

/•»• CET THE IDENTITY MATRIX TO USE AS A BASE MATRIX •••/ 
gmr_$4x3_matrix_ident ity ( mat, st ); check ( st J; 
gmr_5instance_transform( circles id, mat, st I; check ( st ); 
gmr_$instance_t ransform ( spokesjld, mat, st ); check ( st ); 



45 



HORIZONTALJTREND 

PROCEDURE: RENDERS A HORIZONTAL TIME BASED TREND VECTOR AT THE BASE OF 
A GIVEN PIECE OF TRAFFIC. 



PARAMS: 



INDEX - INOEX INTO TRAFFIC STRUCTURE ARRAY 
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void hor izontalt rend ( index ) 
snort index; 

( 

7^r_Sf3_vector_: p[2]; 

If (decljtiec > 3) 
i 

gmr Sline_color( white, st ); 

p( ? ] . x - tcafflc( index ). position, x * plan_trans late .x; 
p( 0 j.y * traffic! index j. position.*/ * pian~trans late .y; 
p[ 0 j.z « traffic! index j. position. z - pianjt rans late . z ; 
if (dec lut te r»«4 ) 
I 

p{ 1 1.x - pi 0 J.x ♦ traffic! index J.vx * 5.0; 
p[ 1 ).y - p( 0 J.y ♦ traffic! inaex J .vy * 5.0; 

> 

e Lse 

I 



p( 1 ].x - p| 0 ] .x - traffic! index J.vx • S.C; 
p( L J.y - pi 0 j.y - traffic* inaex ] . vy • 5.0; 

) 

p[ 1 J.z « p[ 0 J.z; 

qnr_5f 3_polyline ( (short) 2, p. false, st IN- 



DIRECTION 

PROCEDURE : GENERATES THE DIRECTION SYMBOL WHICH IS AN ARROW. 
P ARAMS : SCALE -> 3D SCALING VECTOR 

void direction( scale ) 
gmr_Sf3 vector t scale; 
I 

gmr_Sf3 vector_t p( 5 ], str_pos; 
"p{ 0" ).x »~ 0 * scale.x; 
pi 0 j.y ■ 0.0 * scale. y; 
pi 0 j.z - 1.0 * scale. z; 

str_pos.x - 0.; 
str~pos.y - 0.; 
str_pos.z - 0.; 

(short) 1, str_pos, st ); check ( st ); 



p( 


1 


.X 




0". * scale.x; 


p( 


1 


• y 




-0.5 * scale. y; 


Pi 


1 


.z 




0. * scale.z; 


pi 


2 


.X 




0.* scale.x; 


pi 


2 


y 




0.5 * scale. y; 


pi 


2 


.z 




0. * scale.z; 


p{ 


3 


- 


p 


10}; 



gmr_$f 3_polygon { (short) 4, p, st ); check < st ); 

) 



SORT_TRAFFIC 

PROCEDURE; SORTS THE TRAFFIC ARRAY SO THAT THE TRAFFIC SYMBOLOGY WILL BE 

RENDERED IN THE PROPER ORDER TO INSURE CORRECT MASKING. PROPER 
MASKING REQUIRES A SORT ON THE MAGNITUDE OF Z. TRAFFIC SHOULD 
BE RENDERED FROM MOST NEGATIVE 2 TC MOST POSITIVE 2. 

void sort_traf f ic () 

; 

short index, outer_loop; 

traffic_t temp; 

auto boolean not_done - true; 

for ( index - 0; index < max traffic; index** ) 
if ( "traffic! index ] .aTtJtnown ) 

i 

traffict index J. position. z « CO; 
traffic! index j . v_direct ion - none; 

} 

for { outer_loop - 1; ( (outer_loop < max_traffic) &( (not_done)); outer_loop** ) 
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not_dor.e • false; 

for { ir.de x - 1; index < max traffic; index** ) 

{ 

if ( traffic! index \ . position, z < traffic! ( short J { i r.aex- 1 ) \ . pos it :cr. . z ) 

terr.p - traff;c| { short ) ( index-1 ) ); 

traffic! (short) (inaex-1) } - traffic! index J; 

traffic! index ) - temp; 

r.st_done * true; 

) 

) 

} 



TRAFF IC_5 YM30L 

PROCEDURE: INSTANCES THE TRAFFIC SYMBOLS AT THE APPROPRIATE LOCATIONS 
AND THEN RENDERS THE NUMERIC DATA TAGS. RENDERING COLOR IS 
ALSO CHOSEN AT THIS TIME BASED UPON LEVEL OF THREAT. 

P ARAMS : INDEX -> INDEX INTO THE TRAFFIC STRUCTURE ARRAY . 



t raf f ic_syrxjol { index 
index; 



void 
snort 
< 

static gmr_Sf 3_vec:or_L 
tatic gmr_Sf 3~vector_t 



gmr_$st ructuce_id_ 
gmr^Sst ructure iti _ t 
vfmt Sstring t~ 
float 
□cucie 
short 

gnrtr_$ f 3_point_t 
gmr_$f 3_vector_t 



neg_arrow_trans * 
pos_arrow_trans = ( -0.09 



0.09, 0.06, 0.0 }; 

0.36, 0.0 ); 
airplane symbol 
airplane filled symbol 



airplane id; /" 
filled_id; /• 
alt_st r; 

distance, f_theta, t«xt_»cal«, fill_tran_ 

ang, x_val, y_val, theta; 

length7 altitude, i, line_type, r_count; 

str_pos; 

t_scale. t_translate, pflOJ; 



z_y& 1 ; 



t_scale.x » .8; 
calc_threat ( index ); 
if ("traffic! index }. threat level 
( 

gmr_$f ill_color ( red, 
gmr~$line~color ( red, 
gmr_5text_color ( red, 
if ( (declutter — 0) 
filled_id - ra_id; 



ra ) 

st ) ; check ( st ) ; 
st ) ; check ( st ) ; 
st ) ; check ( st ) ; 
I (declutter « 3) ) 



t scale. x » 1.25; 



) 

else 



if ( traffic! index ]. threat level — ta ) 
< 

gmr_Sf ill_color ( yellow, st ); check ( st ) ; 
gmr_$ line_color ( yellow, st ); check { st ) ; 
gmr $text_color( yellow, st ); check ( st ); 



if Kdeclutter 
filled id - ta id; 



0) II (declutter •» 3)) t scale. x - 1.0; 



else 
( 



gmr_Sf ill_coloc( cyan, st ); check ( st ); 

gmr3sline_color ( cyan, st ) ; check ( st ); 

gmr"*5text_color ( cyan, st ) ,* check t st ); 
filTed_id - prox_id; 



airplane id - -jet airplane_id; 
t_translate -x « 0~ 

t_t rans late . y » - . 25 • scale_a irplane . y*t_sca le . x; 

t_translate . r - 0; 

t_scale.y - t_scale.x; 

t_scale.z - lTO; 

text_scale - . 0 65 *t_sca le . x; 

gmr_$text_height ( text_scale, st ); check ( st ); 

x_val - t raff ic [ index] . vx; 
y val ■ t ra f f ic [ index) . vy; 
tReta - atan2 (y_val, x_val) ; 
f theta - PI # i.5~* theta; 



i 
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75 



20 



gmr_S<J x3_mat rixjcal* (gmr_Smat _ rep lace , t^scaicnat, sc. ) ; check ( st ) ; 

gnr_$ 4 x3_mac rix_rotace (gmr_Smat _post _mu It , gmr 3j_ax is. f theta, ,-nat , si) ; z-eck ( sc ) ; 

gmr_S -1 x3_mat r :x_t rans lace { gmr_Sttac _posl_mu ll7 t ra f f ic | "index j .pes::;::,, rat , sC 5; :-.e;< ( sc. 
gmr25'lx3_mac r ix_t rans late ( qr:_Sir.at "pos t "tnu 1 1 . plan_c rans late, mat , st ) ; 
gmr_0 ir.stance_'-ran3 Corrri ( a i rp 1 ane_ id", mat, st J; checn( st ); 

5 t trap, slate, x traffic! index) .position.x; 

t_c rans lace . y *- t ra f f ic ( index 1 . pos i 1 ion . y ; 

gmr_S4 x3_mat r ix_sca le (gnr_$maC _ rep lace, t_scaie, mac . st ) ; check, (st ) ; 
gmr_S4x2_mat r ix_t r^.nslateT gmr_$mac_post _mu It , t translate, mat , st ) ; 
gmr_S4x3_mac z ix_c rans i ate ( gmr_Srr,at_post "mu It , pTan_translate, mat , s; I; 

if T traffic! index ; .alt known ) 
I 

if ((traffic! index ]. position. z < 3.3) (4 (tratficl incex ). position. z > -0.3)) 
gmr Sfill stylet gmr_Sfii: solid, st ) ; 
10 else gnr 5till_style( gmr_S f i 1 I_ho i low, st ); 

check, ( st ) ; 

gmr_S Instance transformt filled id. mat, st ) ; check ( sc ); 
gmr_Sf i I " _styTe ( gmr_5fill soli3, st ); 

if { (declutter 1 ) I I (decTut te r 2]) gmr_$ line_coior ( white, st ) ; cr.eck ( st ); 
pi0].x - i raf fic ; index] .position . x ♦ p lant r ans i a l e . x ; 
piOj.y = c raf fic I index ; . position. y * p lan_t rans late . y; 
p { 0 ] . i ' 0 ; 

z_val - t raf f ic [ index] . pos it ion . z; 
lme_type » 3 ; 
z_count - z_val»256.0; 
if (2_count < 0) 

{ 

z_co'_:nt • -z count; 
line type - I; 

> 

z_count ■ (i_counc >> 5) + 1; 
for (i»l; i < z count; i+ + ) 
{ 

P ( i ) - P ( 0 ] ; 
p(i).z - i*.125; 

if (z_val < 0) p(i}.z - -plil.z; 

) 

pU_count] - p{0]; 
p{z_countj.z » z_val; 
i - (z_count + U»l; 

25 1 = 

gmr_Sline_type < line type,st); check (st); 
gmr2$£3 multiline t T. p, st ); check ( st ); 
for (i-C; i<z count; i*+) p(i] - pli+lj; 
i • z_count>>T; 
i - i + i; 

line type - 4- line_t ype; 

gmr ?line type < line_type, st ) ; check (st); 

if Tz count > 1) gmr_5f3_multiline ( i, p, st ); check ( st ); 
30 gmr_sTine_type { (short) 1, at) ; check (st); 

if (declutter > 1) 
{ 

if ((declutter — 3) I I !( traffic [ index J . threatlevel — prox )) 

{ 

theta - theta ♦ PI*1.2; 

t_translate.x - traff ic ( indexj .position .x ♦ . 19*cos (theta) *t_scale.x + plan_translate 
35 t_translate .y - traf fic ( index j .position .y ♦ . 19«sin (theta) *t_scale. x + planet ransiate 

t translate. z - traf fie (index] .position . z; 
altitude - (short) (traffic! index J. position. z • 40); 
vfmt_$eneode2 ( -%3ZPWD%5", alt_str, (short) 80. length, altitude. 0 ); 
. t_translate.x - t_translate.x ♦ text_scale* . 5; 
' t_translate.y - t translate. y - textsca le* 1 .0; 
gmr_5text< alt_str, length, t_translate, st ); check < st ); 
/• t^translate . y » t translate. y ♦ text_scale*2 .5; 

40 t_translate .z ,04"*t_sca le . x; 

gmr_S4x3_matr ix_scale (gmr $m*t_replace, t_sca le, mat, st ) ,-check (st) ; 

gmr_$4x3_matrix_t rans late! gmr_$mat_post_mult , t_translate, mat , st ) ; check ( st ); 
switch! traffic( index ] .v direction ) 

( 

case ( up ) : gmr 5 instance_t ransf orm ( up_direct ion_id, mat, st ); check. ( st ); 

gmr~Sinstance_transform( direction_id7 •nat, st ); check ( st ); 
break; 

45 case ( down ) : gmr_$instance_transform( down_direction_id. mat, st ); check ( st ) 

gmr~Sinstance transform ( direction id, mat, st ); check ( st ); 
break; 

) 

•/ 

theta =• theta - PI * 1.2; 

} 
) 

50 
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if ( ! (declutter *- 2) ) 
i 

if (declutcer « 0) gmr_S f : : Is: y > i r;-.r Sfili hollow, st ); »/ 
the:«» = cheta ♦ Pfl.45; 

:_trar.alate.n - r.raff ict index) .positicc.x - .13»c3s(cheta) •t_sc»le.x ♦ plan translate.x 
:_cranslate.y - traffic I index j .posit ten .y ♦ . 13«sin (theta) *t~scale . x ♦ pLan'cranslate.y 
:_translato.i - traffic! index) .posr.iwn.z; 

grrir_$4x3_matrix_scale (gmr_$mat_rep lace, tsca le, mat . st ) ; check ( st ) ; 

gmr_54x3_mat c ix_t r ans 1 at e7 gmr_$mat_posc_nuit, ttranslate, mat , st I ; check ( st ); 
switch! traffic! incex j . v_di rect ion ) 

i 

case { up } : qsr^S i.-stancc_t:ar.sfc;^< up_di rect ion_id, mat, st ); check ( st >; 
break; 

case( down ) : gmr_$ instance_: rans iozz: < dowr._direct ion_id, mat. st ); check ( st ); 
breaic; 

) 

theta - theta - PI»0.9; 

t_t ransiate .x = t ra ff ic { index J . pos it icr. . x * . 13*cos (theta) # t scale. x plant rar.s 1 ate . x 
t_transiate.y » traZJicf index) . position. y - . 13 • s in ( chet a) • t~sca le . x ♦ plan_t rar.s 1 ate . y 
t_t rans late . z - t ra f f ic ( index ). pos it icn . z ; 

gmr_S4x3_matrix_scaie (gmr_$mat_replace, t_scale,mat, st) ;check (st) ; 

gmr 34 x3_mat r i x_t rans late ( g(nr_SmaC_?ost_rrult. t_translate, mat , st >; check { st ); 
switch! trafficf index ).v direction ) 

( 

case( up ) : gmr_$ in3tance_: rans form ( up_d i rect ion_id, mat, st ); check{ st ); 
break ; 

easel down ) : gmi_$ instance^: rans f crn{ down_direct ion_id, mat, st ); check ( st ); 
break; 

j 

gmr Sfill stylet gmr Sfill solid, st ); 

} 

on if (declutter 2) 

{ 

gmr_$f i ll_color { white, st ) check ( at ) ; 
gmr^S line~color ( white, st ); check ( st ); 

t_translate.x - t caff ic t index) . pos it ion . x * planet ransiate . x; 
t_translate.y - traf fic ( index) . posit ion. y ♦ planet ranslate . y; 
t translate. z - traf fic[ index) .position. z; 

il ( (t translate.z > 0) u (traf fic Undex) .v_direction — down)) 
t_translate . z ♦» .04*t scale. x; 
25 if ( (t_translate .z < 0) *fi~ (traf fic [ index] -v direction — up)) 

t_translate.z - .04 *t_scale .x; 
gmr_S4x3_matrix_scale (gmr_5mat r«plac«, t_sca le, mat , st ) ; check (st) ; 

gmr_S4x3_matrix_translate ( gmr~$mat_post_rault , t_t ransiate, mat . st ) ; check ( st ); 
switch( traffic! index ) .v ' direct ion ) 

< 

easel up ) : gmr $instance transform( up direction id, mat, st ); check( st ); 
break; * 

30 easel down ) : gmr $ instance transferal down direction id, mat, st ); check! st ); 

break; ~ ~ 

) 



35 
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CREATE_SCENE 

PROCEDURE: GENERATES A COMPOSITE SCENE BY RENDERING ONLY THOSE TRAFFIC 
SYMBOLS THAT RESIDE WITHIN THE DESIGNATED VIEWING VOLUME. 



40 void create scene O 

{ 



static gmr^$text_height_t text scale = 0.05; 

auto boolean not_d*rawn - true; 

short index; 

gmr_$f ili_style( gmr_Sfill solid, st ); check ( st >; 
gmr $fill_inten( (float) 1.0". »t ); check ( st ); 
gmr^Slineinten ( (floatU.0, st ); check ( st ); 
for ( index - 0; index < max traffic; index** ) 

I 

if ( (traffic[ index J.az_dist < 1.0) <& 

(traffic! index ]. position. z < 0.7S) tc 
(traffic! index ]. position. z > -0.375) ) 
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if I ( traffic: index ]. posit, icn . z >- CO I a ( not_drawn J ) 

( 

grr.r_S f i 1 l_coior < white, st >; check ( st ); 

rjmr_S 1 in«_color { white, st ); check ( st ); 

gmr_S4x3 jnat nx_ident ity ( mat, at ); check ( st J; 
c gmr_S4x3_mat r ix_t rans late { gmr_Smat_post_mult , plan_t rans late, mat 

3 qmr_Sinstance_tran5for.Ti( my_plane_id, mat, st ); check { st ); 

gmr_S f ii l_inten ( (fioat)0.6, st ); check! st ); 

gnr S 1 ine_ ir.cen ( (float) 0.6, st I ; check ( st ): 

g:r.r_Sf ii;_style ( gmr_S f i 1 l_ho L Low, st ); check ( st ); 

g-r _$ i r.star.cp transform ( my_alt id, mat, st 3; check ( st ); 

gnr_3 f ii l_style { gmr_S f i i l_soi i3, st ); check ( st ); 

no: _d rawn - false; 

gmr_S 1 ine_inten ( (float) 1.0, st ); check ( st ); 
tO gmr~5 1 i 1 l_inten ( (float) 1. 0, st ); check! st ); 

1 

traf f ic^symboi ( index ); 
horizontal trend ( index ); 

) 

) 

if ( not drawn > 
< 

gnr_S f ill_coior ( white, st ); check ( st ); 
'5 grnr^S 1 ine_coicr ( white, st ); check ( st I; 

'- • gmr~S4x3_rr»at rix ident ity ( mat, st ); check ( st ); 

gmr_$4x3_mat r ixj_trans late ( gmr_$mat^post_mult, plan_t ranslate, mat , st ) ; 

gmr $instance_t rans form ( my_plane_id\ mat, st ) ; check ( st ) ; 

gmr^Sf ill_inten ( (float) 0.6, st ); check ( st ) ; 

gmr_$ line_Lnten ( (float) 0.6, st ); check ( st ); 

gmr_Sf ill_styie ( gmr_$£ill_hollow, st ); check ( st ) ; 

gmr_5instance_t rans form ( my alt id. mat, st J ; check ( st ); 

> 
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VIEWING_P ARAM5 
PROCEDURE 



GIVEN A VIEWPORT_ID, SETUP VIEWING PARAMETERS THAT 
DEFINE HOW WE LOOK AT THE WORLD. 

VP ID -> VIEWPORT ID FOR VEIWING PARAMETERS. 
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void viewing params( vpid ) 
gmr_5vievport__ia_t vpid; 



static 
static 
stat tc 
static 
static 
static 
stat ic 
static 
stat ic 
stat ic 

gmr 
gmr 
gmr' 
gmr 
gmr" 
gmr' 
gmr' 
gmr' 
gmr 
gmr 



gmr 
gmr' 
gmr 
gmr* 
gmr' 
gmr^ 
gmr' 
gmr 
gmr 
gmr 



Sf 3_point_t 
[$f 3_veetor_t 

Sf 3_vector_t 
"$£2 limits t 
"Sf t 

$f~t 

>o 

Sproject ion_t 
$coord_system_t 
"Sborder width t 



ref point - { 4.0+3.0, 0.0, 2.5 }; 

normal - ( 4.0, 0.0, 2.5 ); 

up vec » ( -1.0, 0.0, 0.0 }; 

window - (-1.0, 1.0, -1.0, 1.0 >; 

h_dist - -0.1; 

v dist - -4.0; 

y^dist - -15.0; 

pro) » gmr_Sperspect ive; 

coord sys - gmr $coord_r ight ; 

obj_border - < l7 1, 1. 1 >; 



S view_set_reference_point ( vpid, ref_point, st ); check { st >; 
*Sview_set_viewjplane_normal ( vpid, normal, st J; check ( st ); 
"5 view~set~up — vector ( vpid, up_vec, st ); check ( st ); 
[$view_set3 v i«*_<*i stance < vpid, v_dist, st ); check ( st ) ; 
[Sview_set_hither_distance ( vpid,~h_dist , st ) ; check ( st ); 
[$view~set~yon_distance ( vpid, y_dist, st ) ; check! st ); 
_$view_set_window ( vpid, window, st ) ; check ( st ); 
[Sviewset pro jection_type ( vpid, proj, st ); check ( st ); 
"Sview_set2coord_sy3tem I vpid, coord_sys, st >; check ( st ) ; 

Sviewpoct_set_shadir.g_mode ( vpid, gmr Sshading attrib. gmr Srender filled, 

gmr_Shs_no_hidden_surface, st T; checkT st ); 
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CREATE_SYMBOLS 

PRCCEOURE: CREATE TRAFFIC SYMBOL STRUCTURES TO BE USED LATER. 
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v.iid credte_»ytrx>oia ( ) 

sialic cjrrrS f 3_vecic r_t scale asr. - { 0.325, 0.C25, 0.025 } ; 

sialic grrr_S f 3~vecccr~t dcwn_sca ie_d i rec: ion • { j . 04 , 0.04, -0 . C 4 }; 

3i*cic q7ir_Sf3"v8c:or"c jp_scaie direction * { 0.04, 0.04, 0.04}; 

sialic grr.r~S f 3_vec'-oc t scaiepiane = ( 0.05, 0 .05. 0.35 }; 

t- s-ai-.c qrr.r "s f 3~vrci = r~l scaie me * { 0.05, 0.06, 0.06 ); 

"-_Sf3_veci*or_t" c;"3 ] ; 

/••• CREATE A CIRCLE OF "NIT RADIUS IN THE X-Y PLANE •••/ 
gmr_Sst ruciure_create ( 0, circle id. st ); check ( st >; 

circie( 40 ) ; 

gjr.r_Sst ructure_c lose ( irue, sc ); check ( st ) ; 

/••■ CREATE CONCENTRIC CIRCLES IN THE X-Y PLANE WITH THE OUTER MOST CIRCLE OF UNIT RADIUS •••/ 
10 gmr_$structure create < 0, circies_id, st ); check ( sc >; 

circles ( num_of_circs ); 

gni:_Ss:ruc:u:e_cio5e( true, sc ); check ( st ) ; 

/•*- CREATE SPCKES OF UNIT LENGTH LYING IN THE X-Y PLANE RADIATING OUT FRCM THE ORIGIN 

g.T.r_Ssc :uc:ure_c:eate { 0, spokes_id, st >; check ( sc ); 

inner_radius ~ (float) ( 1.0 / num_of_circs ); 

spokes ( ,-ium_o f_spo<es , inner radius ); 

g.-nr _ S s : :u c ; u r e_c 1 o s e ( irue, st ); check ( sc I; 

75 

/••• CREATE MY ALTITUDE PLATEAU 3Y INSTANCING THE SPOKES ON THE CIRCLES •»■/ 
g.nr_Sstruciuce_create ( "", 0, rr.y aic id, sc ); check ( sc ); 
my_a lt_piateau ( ) ; 

gmr_Sst ructure_close ( true, sc ); check ( st ) ; 

/••■ CREATE THE DIRECTION SYMBOL IN THE X-Y PLANE "••/ 
gmr_Sstructure_create ( 0, down direct ion_id, st ); check ( st ); 

direct ion { down_sca le_di reel ion ) 
gmr_$structure_close ( true, st ); check ( st ); 

/••• CREATE THE DIRECTION SYMBOL IN THE X-Y PLANE •**/ 
grr.r_Sstructure_create < 0, up_direct ion_id. st ); check ( st ); 

airection( up_sca le_di recti on ); 
gmr_$structure_close( true, st ); check { st >; 

/••• CREATE THE DIRECTION ARROW SHAFT IN THE X-Y PLANE •••/ 
gmr_$st ructure create! 0, direction Ld, st ); check { st ) ; 

P( 0 ] .x - 0 7 
p[ 0 ].y - 0.0; 

p( 0 ].s - up scale direction.*; 
Pi 1 ] .x - 0; 
pf i ].y - 0.0; 

p( 1 j .2 - -up_scale_direction.z; 

gmr_Sf 3_polyline ( (short) 2 r p, false, st ); check ( st ); 
2Q gmr_Sstructure_close( true, st ); check ( st ); 

/••• CREATE THE SCALED AIRPLANE SYMBOL FOR RA •••/ 
gmr_Sstructure create ( 0, ra_ac id, st ); check ( st ); 

airplane_symboI( (short )0) ; 

gmr_$structure_close ( true, st ); check ( st ); 

/•*• CREATE THE SCALED AIRPLANE SYMBOL FOR TA •••/ 
gmr_$atructure create ( 0, ta ac_id. st ); check < st ); 

35 airplane_symboT< (short) 1) ; 

gmr_$st rueture_elose ( true, st ); check ( st ); 

/•■• CREATE THE SCALED AIRPLANE SYMBOL FOR PROX •••/ 

grrtr_$ structure create! "", 0, prox_ac_id, st ); check ( st ); 

airpiane_aymboT{ (short)2) ; 

gmr_Ssc ructure_close ( true, st ); check ( st ) : 

/••* CREATE THE SCALED JET AIRPLANE SYMBOL -••/ 
40 gT.r_$ structure create( 0, jet_airplane id. sc ); check! st ) ; 

airplane syrnboTt (short) 3 J ; 

gmr_$st ructure_close ( true, st ); check ( st >; 

/••• CREATE THE SCALED FILLED SYMBOL FOR RA •••/ 

gmr $st ructure_create ( 0, ra_id, st ); check ( st ) ; 

filTed_symbol {(short) 0) ; 

gmr_Sst ructure_close ( true, st ); check ( st ); 
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/••• CREATE THE SCALED FILLED SYMBOL FOR TA •**/ 

gmr Sst ructure_create ( 0, ta_id, st ); check ( si ); 

f ilTed_symbol (Tshort) 1) ; 

gmr_Sscruccure_close{ true, st ); check ( st ); 
/••• CREATE THE SCALED FILLED SYMBOL FOR PROX •••/ 
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qmr Sstructure create { 3, prox id, st >; check ( st ); 

f i lTed_symbol (Tshort > 2) ; 

gmr_$st ructure_c lose ( true, st ); check I st ); 
/••• CREATE MY AIRPLANE SYMBOL •••/ 

gmr_Sst r-jcture_create { 3, my_piane_id. st ); check ( st ); 

stick plane ( scale_me ); 
/•chevrcnf scale me ) ; ■ / 

qmr_Sst ructure_cTose ( true, st ); check { st ) ; 
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Claims 

55 

1. A traffic information display apparatus for displaying traffic in a volume about an own craft, comprising: 

a)._a_display„X10. -40,_6Q area_of_ sajd_dispjay,_ wherejn__this_ _area_ 

represents an amount of space about said own craft; 
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b) an own craft symbol (22), situated at an approximate center of the area of said display (10, 40, 
60), representing said own craft; and 

c) at least one traffic symbol (12, 24, 26, 28, 32; 42, 44, 46, 48, 50; 23, 62, 74), situated in the area 
of said display, representing another traffic entity; characterized by means for controlling said 

5 traffic symbol such that its shape indicates the direction of movement of said traffic entity. 

2. The display apparatus of claim t, characterized in that said traffic symbol has a variable size that 
indicates a level of threat of the traffic entity to said own craft, according to the traffic symbol size. 

io 3. The display apparatus of claim 2, characterized in that traffic symbol has a variable size that 
indicates an altitude difference between the altitudes of the traffic entity and said own craft. 

4. The display apparatus of claim 1, 2, or 3, characterized in that said traffic symbol has a shape that 
resembles the type of the traffic entity represented by said traffic symbol. 

75 

5. The display apparatus according to one of the preceding claims, characterized in that the location of 
said traffic symbol on the area of said display indicates the position of the represented traffic entity 
relative to said own craft. 

20 6. The display apparatus according to one of the preceding claims, characterized in that a plurality of 
azimuth and range symbols (36), in a plane (66) representing altitude of said own craft, for indicating 
approximate azimuth and range of a traffic entity in relation to said own craft (Fig. 2). 

7. The display apparatus of one of the preceding claims, characterized in that at least some of said 
25 traffic symbols further comprises symbols (14, 20, 16, 70, 76) that indicate altitude and/or direction of 

altitude change of the traffic entity relative to the altitude of said own craft. 

8. The display apparatus according to one of the preceding claims, characterized in that said traffic 
symbol comprises a threat symbol (18, 30, 34, 78) that indicates a level of threat of the traffic entity to 

30 said own craft, according to shape and color of said threat symbol (18, 30, 34, 78). 

9. The display apparatus according to one of the preceding claims, characterized in that the plane (66) 
representing the altitude of said own craft, said own craft symbol (22), said at least one traffic symbol, 
the location of said traffic symbol relative to said own craft symbol and said plurality of azimuth and 

35 range symbols (36) are situated on said display (10, 40, 60) as to appear to an observer at a point of 
view from a 90 degree angle relative to the plane representing the altitude of said own craft (Fig. 1 + 
2). 

The display apparatus according to one of the claims 1 to 8, wherein the plane (66) representing the 
altitude of said own craft, said own craft symbol (22), said at least one traffic symbol, the location of 
said traffic symbol relative to said own craft symbol (22), and said plurality of azimuth and range 
symbols (36) are situated on said display (10, 40, 60) as to appear to an observer at a point of view at 
an angle between zero and ninety degrees relative to the plane representing the altitude of said own 
craft (Fig. 3). 

The display apparatus according to one of the preceding claims, characterised by: 

a) a location symbol (34, 68, 78), associated with said traffic symbol, situated in a plane (66) 
representing an altitude of said own craft, and representing a position of the traffic entity relative to 
said plane; and 

b) an elevation line symbol (64) having a direction normal to the plane representing the altitude of 
said own craft, connected between said location symbol (34, 68, 18) and said traffic symbol (23, 62), 
and having a length magnitude representing a difference in altitude between the traffic entity and 
said own craft (Fig. 3). 

55 12. The display apparatus of claim 11, - characterized in that 

a) said elevation line symbol (64) has alternate increments of solid and dashed line; and 

b) each increment represents a particular magnitude of distance. 
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13. The display of one of the preceding claims, characterised by comprising information processing and 
symbol generating means, connected to said display, for receiving and processing traffic information, 
and generating a format and said symbols on said display (10, 40, 60). 

5 14. The display apparatus of one of the preceding claims, characterized in that the color of said traffic 
and/or said location symbols indicates a level of threat of the traffic entity to said own craft. 
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